Introduction
Iridium oxide thin films have attracted much interest because of their excellent electrochromic properties 1), in that IrOx films exhibit a reversible obvious color change from colorless to blueblack.
In addition to this, IrOx films are electrocatalytically active in oxygen and chlorine gas evolution 2' and can thus be applied in dimensionally stable electrodes (DSE's). We have been studying the preparation of IrOx films using electrochemical deposition from iridium compound solutions, and a previous report presented a process for preparing IrOx films from a sulfatoiridate complex solution". In the present report, we present an improved electochemical process for the preparation of IrOx films using a colloidal aqueous solution of hydrated iridium hydroxide.
Experimental Procedure
The solution for the electrochemical deposition of IrOx film was prepared by mixing a 1.25mL of 1 mol/dm 3 KOH solution to a 25mL 0.01mol/dm 3 Na2IrC16 solution at 90 °C, resulting in a blue colloidal solution.
The pH of the mixed solution was 9.5.
The IrOx film was electrochemically deposited on ITO glass electrodes.
A rod of glassy carbon was used as the counter electrode, and a saturated calomel electrode (SCE) as the reference electrode . Electrolysis was performed using a potentiostat and a function generator.
The IrOx film was deposited under polarization using a triangular wave form between 0 and 1000 mV vs SCE.
Results and Discussion
The electrolyte solution exhibited light scattering arising from the colloidal particles of the Ir (OH) 4 . The colloidal particles were observed to migrate to the anode under an applied voltage of 150V in an electrophoretic cell. This indicates that the mixed solution was composed of colloidal particles with a negative charge.
The IrOx film was deposited during anodic polarization because of the negative charge of the colloidal particles.
However, although a thick film could not be obtained under anodic polarization at constant potential, a thick film could be formed efficiently by performing the electrolysis with a triangular wave. SEM observation showed that the surface of the film was not smooth but rather consisted of small particles 200-300 nm in diameter.
This indicates that the IrOx film was formed by deposition of colloidal particles on the ITO, in a process in which colloidal particles migrated from the electrolyte to the electrode surface.
The thickness of the IrOx film was dependent on the number of cycles.
This means that the thickness of the IrOx film can be controlled by varying the number of cycles.
Analysis of the film composition was carried out by IR spectroscopy.
In Fig. 1 The electrodeposited film exhibited a blue color in its oxidized form but became colorless in its reduced form in a 102 mol /m 3 H 2 SO 4 solution. Fig. 2 shows cyclic voltammograms of as-prepared and heat-treated (at 150°C) IrOx films. In the cyclic voltammogram of the as-prepared IrOx film (Fig. 2a) an oxidation peak was observed at 800 mV, where the film color changed to blue, while film became colorless at a reduction peak at 375mV.
In the cyclic voltammogram for the heat-treated IrOx films (Fig. 2b) , these oxidation and reduction current peaks were observed at 800 mV and 325 mV, respectively.
Thus the current measured in the heat-treated IrOx film was ca. 25% higher than that in the as-prepared film.
This indicates that the heat-treated IrOx film is more electrochemicaliy active than the asprepared film. In addition, in long-term cyclic voltammetric measurement durability was found to be greater in the heat-treated IrOx film than in the as-prepared film.
The peaks in the cyclic voltammograms are attributed to redox reactions of Ir 3 + and Ir 4 + in the oxide films 5'.
The spectrum changes in the films in the ultraviolet, visible, and near infrared regions following electrochemical reaction were measured with a spectrophotometer.
The spectrum of a colored film showed a typical broad peak around 600 nm (Fig. 3) .
The difference in optical density between the colored state and the bleached state was ca. 0.2 in the wavelength region from 400 nm to 1400 nm.
Conclusion
IrOx film was prepared on ITO glass electrodes from a colloidal solution of iridium hydroxide. 
